srNopsis The emergence of new groups of strains of Staph. aureus as important causes of endemic hospital infection in Great Britain has been followed by the phage typing method. Experiments are reported which suggest the possible origin of one of them.
Staphylococcus phage typing is a practical method of characterizing the strains of Staph. aureus frequently isolated from human sources. The basic set of typing phages used for this purpose is chosen so that as many as possible of the important strains pathogenic for man, and particularly those causing endemic sepsis in hospitals, show characteristic patterns of lysis. In the course of time, however, the strains responsible for sepsis in hospitals change, and the new ones may not be typable with the phages in current use. On several occasions since 1950, the appearance of a new organism has made it necessary to introduce a fresh phage into the basic set of typing phages (Blair and Williams, 1961; Parker, 1962; Report, 1963) .
In order to increase the percentage of typable strains, cultures which show no lysis by the basic set oftyping phages at their routine test dilution (R.T.D.) are tested with the same phages at 1,000 times this strength (R.T.D. x 1,000). The reactions given by these strong phage preparations include, as well as those due to phage lysis, areas of general thinning of bacterial growth where a phage filtrate has been applied. These inhibition reactions (Anderson and Williams, 1956 ) are believed to be due to phage adsorption which leads to bacterial death but not to the production of new phage particles. They are often difficult to distinguish from true phage lysis with secondary overgrowth, and indeed this can only be done with certainty by titration of the phage on the culture. If the reaction is one of inhibition, the thinning of growth will disappear progressively as the strength of the phage is decreased, without the appearance of plaques; if it is a true lytic reaction separate plaques will be seen at an intermediate dilution.
The production of inhibition reactions by a Figure 2 shows that in the years following 1958 there was a steady increase in the proportion of 'epidemics' of hospital sepsis due to type 83A staphylococci (see also Williams and Jevons, 1961 Turner (1963) (1951) .
The phages so obtained were designated by the number of the cultures from which they had been derived, with the prime sign (Anderson and Felix 1953) : if more than one phage was obtained from a single culture, the subscript 1 or 2 was placed after the number. Thus 143681' and 143682' were two phages carried by culture 14368.
Attempts were made to lysogenize the typical 83A culture (1116) with the phages obtained from the untypable staphylococci. High-titre preparations of the phages were spotted on to lawns of 11 16, and the plates were incubated overnight at 30°C. The secondary growth in the areas of lysis was subcultured on to nutrient agar. Several of the resultant colonies were tested for lysogenicity by showing that they carried the lysogenizing phage and were resistant to it. All lysogenized cultures were typed with the routine set of phages. They are designated in the usual way; for example, 1116 (1126') is staphylococcus 1116 carrying a phage from 1126. At least one phage from each of the six untypable organisms blocked the reaction of the 83A culture with phage 83A, thus altering its typing pattern to that of a 'new untypable' staphylococcus.
One of the untypable organisms (1108) carried, in addition to the blocking phage, another phage which lysed 1116 but did not affect its reaction with phage 83A; the two phages were also distinguishable by host range, plaque morphology, and serological reaction. Strain 14368 carried two phages which blocked the reaction with phage 83A on lysogenization, but differed from each other in host range and serological group; strain 1116 lysogenized with either phage remained sensitive to the other. The six untypable strains carried seven blocking phages, four of which were distinguishable serologically, or by their lytic activity on the lysogenic derivatives of strain 1116. In all, five belonged to serological group B, one to group A, and one to group F; phage 83A itself belongs to serological group B.
ISOLATION OF NON-LYSOGENIC VARIANTS FROM UN-
TYPABLE STAPHYLOCOCCI If, indeed, the resistance of the untypable strains to phage 83A is due to the carriage of a blocking phage, any non-lysogenic mutants present in the cultures should resemble 83A staphylococci in typing pattern.
Six-hour broth cultures of an untypable strain were flooded on to batches of nutrient agar plates containing M/50 sodium citrate. They were exposed to ultra-violet light for a length of time sufficient to leave between 100 and 200 surviving colonies per plate after overnight incubation at 37°C. These colonies were irradiated for a further 10 seconds immediately before replication by the method of Lederberg and Lederberg (1952) .
Strains (such as 1126) shown to carry only one phage to which 11 16 was sensitive were replicated to agar plates previously flooded with a broth culture of this organism. The plates were then incubated overnight at 30°C., and colonies not surrounded by a halo of lysis were identified on the master plate, and tested for absence of carried phage and for sensitivity to phage 83A and the experimental phages.
Strain 1108, which was known to be carrying more than one phage which lysed strain 1116, was replicated to agar plates spread with 0-1 ml. of a high-titre preparation of phage 83A. After overnight incubation at 30°C., the plates were compared with the master plate. It The first of these possibilities was examined. Althoughmost 83Astrains were lysedbyall three ofthe experimental phages, D, 77Ad, and 12100, a minority were not (see Table I ). Three further 83A cultures, two of which differed from 1116 in the pattern of their susceptibility to these three phages, were tested for their sensitivity to each of the seven blocking phages. Lysogenized cultures were obtained from all four organisms with each of the phages to which they were sensitive. The results are shown in Table III (Isbister, Durie, Rountree, and Freeman, 1954) and soon afterwards in many other places (Rountree and Beard, 1958) . The phage 80, and later also phage 81, was introduced to characterize it (Rountree and Freeman, 1955; Bynoe, Elder, and Comtois, 1956) . (or 52, 52A, 80, and 81) , appearing at first in hospitals in which type 80 infections were already endemic (Asheshov and Rippon, 1959) . It was soon shown (Rountree, 1959; Asheshov and Rippon, 1959) (Rountree and Asheshov, 1961) . The parallelism between these events and the changes reported in this paper may be closer than might appear at first sight. The acquisition of a carried phage by a staphylococcus usually results in a loss of susceptibility to lysis by other phages (Lowbury and Hood, 1953) . The broadening of typing pattern from 80/81 to 52/52A/80/81 by lysogenization was unexplained until Rountree and Asheshov (1961) showed that the insusceptibility of 80/81 strains to phages 52 and 52A was due to the carriage of a defective phage which could be replaced by certain phages on lysogenization with them. In this case, therefore, the consequence of lysogenization was effectively the loss of the blocking phage. Sompolinsky (1963) Our enquiries also revealed an unexpected heterogeneity both among the new untypable organisms and in type 83A itself. This was rather surprising, because several authors had observed that the new untypable organisms often had several unusual cultural characters, including lemon-yellow pigmentation on glycerol monoacetate agar, the production of fi lysin and absence of fibrinolysin (Turner and Willis, 1962; Willis, Jacobs, and Goodburn, 1963) , and neomycin resistance (Robertson, 1963) . The distribution of these and other characters will form the subject of a further communication.
It is interesting to speculate on the part played by the choice of typing phages on the epidemiological picture that we obtain. If 
